Cell fate generation can rely on the unequal distribution of molecules during 11 progenitor cell division in the nervous system of vertebrates and 12
INTRODUCTION 25
The development of the central nervous system depends on asymmetric cell 26 divisions for the balanced production of progenitor as well as differentiating 27 cells. During vertebrate and invertebrate neurogenesis, cell fates can be 28 established through the unequal inheritance of cortical domains or fate 29 determinants during asymmetric progenitor divisions (Knoblich 2008; Doe 30 2008; Marthiens & ffrench-Constant 2009; Alexandre et al. 2010) . Par-6 assembles at the apical NB pole, which drives the localization of fate 37 determinants to the opposite NB pole establishing the apico basal polarity axis 38 (Wodarz et al. 1999; Wodarz et al. 2000; Rolls et al. 2003; Petronczki & 39 Knoblich 2001; Betschinger et al. 2003; Homem & Knoblich 2012; Prehoda 40 2009) . 41
Upon NB division, the basally localized fate determinants segregate to the 42 daughter cell that commits to differentiation. For this to happen correctly, two 43 adapter proteins, Partner of Numb (Pon, Lu et al. 1998) and Miranda (Mira, 44 Ikeshima-Kataoka et al. 1997; Shen et al. 1997) , are required. While Pon 45 localizes the Notch signaling regulator Numb (Uemura et al. 1989; Lu et al. 46 1998), Mira localizes the homeobox transcription factor Prospero (Pros) and To reveal the regulation of interphase Mira, we set out to determine 84 differences and similarities in the parameters of Mira binding in interphase 85 and mitosis and the transition between the two different localizations. Using 86 fluorescent reporters of the Par complex and Mira at endogenous levels of 87 expression, we reveal that cortical Mira localization is differently controlled in 88 interphase, where it uniformly binds to the PM and after nuclear envelope 89 breakdown (NEB), when actomyosin activity becomes important. 90 91 92 5
RESULTS 93
Uniform Miranda is cleared from the cortex during prophase and 94
Miranda reappears asymmetrically after NEB 95
We first confirmed in larval NBs that Mira localizes uniformly to the cortex in 96 interphase ( Figure 1A) and co-localizes with its cargo Pros in interphase and 97 mitosis (Figure 1 supplement 1) . We further stained mira mutant NBs for 98
Mira and Pros. In these cells, Pros is found in the nucleus in interphase 99 (Figure 1 supplement 1) . These results are consistent with a role of Mira in 100 regulation Pros localization not only in mitosis (Ikeshima-Kataoka et al. 1997) , 101 but also potentially during interphase. We therefore sought to address the 102 regulation of cortical Mira in interphase and mitosis and the transition 103 between these localizations. 104
105
To accurately monitor in vivo the dynamics of this transition, we used a BAC 106 construct in which Mira was tagged at its C-terminus with mCherry (Ramat et (Figure 1B, +4) , with a 2.5-fold 110 increase in intensity (n=5, Figure 1B' ). This transition occurred in two 7 which point Mira crescents are established), after which we treated them with 141
LatA. Again, LatA caused Mira to relocalize to the cytoplasm (Figure 2A) . 142
Importantly, this relocalization is unlikely to be due to Mira being "swept off" 143 the cortex by cortical aPKC, which redistributes from an apical crescent to the 144 entire cortex following LatA treatment (Figure 2 supplement) . This is 145 evident since unlike the gradual apical-to-basal clearance of Mira during 146 prophase (Figure 1B) , basal Mira crescents fall off the cortex homogenously 147 upon LatA treatment (Figure 2 supplement) . Furthermore, Mira falls off the 148 cortex 2.8±1min (n=13) before aPKC (Movie S4) or Baz become detectable 149 at the basal cortex (Figure 2 supplement) . Therefore, an intact actin 150 network is required to establish and maintain asymmetric Mira localization in 151 mitotic larval NBs. 152
153
Myosin activity has been proposed to be required for Mira localization 154 (Petritsch et al. 2003; Barros et al. 2003) . We tested next which step of Mira 155 localization involved Myosin. Myosin motor activity relies on the 156 phosphoregulation of myosin regulatory light chain, encoded by the sqh gene 157
in Drosophila (Jordan & Karess 1997), which we disrupted by applying ML-7, 158 a specific inhibitor of the myosin light chain kinase (MLCK, Bain et al. 2003) . 
Miranda binds uniformly to the plasma membrane in interphase 237
In Drosophila S2 cells Mira binds directly to phospholipids of the PM via its BH 238 motif and the ability to bind the PM is abolished upon phosphorylation of this 239 motif by aPKC (Bailey & Prehoda, 2015) . Our results, that Mira cortical 240 localization in interphase is actin-independent and that its clearance in 241
prophase is aPKC dependent, suggest that in interphase Mira is retained 242 uniformly at the PM by its BH motif. Figure 4B ). Furthermore, S96D did not localize to 263 the cortex in interphase and instead accumulated predominantly on cortical 264 microtubules, as evidenced by its relocalization to the cytoplasm upon 265 colcemid treatment ( Figure 4B) . Nonetheless, S96D always localized 266 asymmetrically at the cortex following NEB, despite at reduced levels ( Figure  267 4A, Movie S10). In striking contrast, when we added half that dose to cycling NBs, while aPKC 294 crescent size was comparable to controls (Fig 5 supplement) Mira crescents 295 formed, but were significantly enlarged. As a consequence daughter cell size 296 was also increased (n=12, Figure 5B The establishment of different cell fates in the developing nervous system can 323 rely on asymmetric distribution of molecules. In this study, we reinvestigated 324
in vivo the precise contributions of aPKC and actomyosin to the localization of 325 the cell fate determinant adapter Mira during the cell cycle of Drosophila 326 larval NBs. Using live cell imaging we reveal a stepwise contribution of aPKC 327 and actomyosin to Mira localization. First, Mira was cleared from most of the 328 cortex during prophase; second, Mira came back to the cortex as a basal 329 crescent following NEB (Figure 1B-C) . We then proceeded to assess the 330 relative contributions of aPKC and actomyosin to these steps. Our study 331 reveals that the central elements of two models proposed to explain Mira 332 asymmetry, requiring actomyosin (Barros et al. 2003) by aPKC since mutating S96 to Alanine prevents clearance and F-actin-343 independent Mira uniformly binding to the PM persists, which is also true in 344 mitotic apkc NBs (Figure 3A, Figure 3 supplement) . In contrast, 345 clearance occurs in LatA or ML-7 treated NBs (Figure 2A,B) . Therefore, aPKC 346 rather than actomyosin dependent processes drive Mira clearance. 347
348
In the transition from interphase to mitosis, the NBs cytoskeleton gets 349 remodeled, slowing the diffusion of PM-bound proteins (Figure 3D) . This After NEB Mira asymmetry requires actomyosin activity (Figure 2A-D) . 358 Barros et al. (2003) suggested that myosin II is required to exclude Mira from 359 the apical pole pushing Mira it into daughter cells during division. Our results 360 rather suggest that, myosin activity keeps Mira anchored basally (Figure 2C) . clearance of Mira by aPKC (Movie S12), and the same dose applied to 377 already polarized NBs resulted in a partial loss of Mira asymmetry, however 378 after a ~50min delay (Figure 5E, Movie 13) . Thus, aPKC may be required 379 after NEB to reinforce Mira asymmetry by excluding it apically, as suggested 380 (Atwood & Prehoda 2009). Low doses (25µM) of Y-27632, despite not 381 inhibiting aPKC, affect Mira crescent size in cycling NBs (Figure 5B) . Thus, Y-382 27632 also inhibits other aPKC-independent mechanisms, making unclear 383 whether the partial loss of Mira asymmetry in already polarized NBs treated 384 with high Y-27632 is solely due to the disruption of a post-NEB aPKC function. 385
Addressing this question in the future will require specific and temporally 386 controlled aPKC inhibition. 387
388
When the BH motif is deleted, Mira cannot form crescents (Figure 4A) . We 389 recently identified that maintenance of Mira crescents also requires interaction (Figure 1 supplement 1) . It is possible that 399
Mira sequesters Pros, helping to prevent its nuclear localization. In this way derived from mira KO (Ramat et al. 2017) . mira mCherry was generated by 434 inserting a modified wt genomic locus in which mCherry was fused to the C-435 terminus following a GSAGS linker into mira KO . For mira S96D-mCherry : TCG 436 (Serine96) was changed to GAC (aspartic acid). For mira S96A-mCherry : TCG was 437 replaced with GCG (alanine). CH322-11-P04 was the source for the mira 438 Mira::mCherry localizes cortically uniform in interphase (arrowheads t 1 ), is 720 cleared from the cortex shortly before NEB and forms a crescent (arrowheads 721 t 3 ) thereafter that is inherited by daughter cells (related to Movie S8). The 722 phosphomutant S96A is uniformly cortical in interphase, accumulates apically 723 shortly before NEB (arrow, t 2 ), is uniformly cortical after NEB (arrowheads t 3 ) 724 and in telophase (t 4 , related to Movie S9). The phosphomimetic S96D 725 localizes to cortical microtubules in interphase (arrow t 1 ), is cleared from the 726 cortex before NEB and asymmetric after NEB (arrowheads t 3 ) and segregates 727 to daughter cells (related to Movie S10). Deletion of the BH motif leads to 728 cortical microtubule localization in interphase (arrow t 1 ), cytoplasmic 729 localization before and after NEB and reappearance on microtubules around 730 cytokinesis (related to Movie S11). Mira is cortical in interphase (91% cortex, 9% cytopl., n=53), forms a 865 crescent in metaphase (93% crescent, 7% cytopl., n=15). aPKC ΔN : Mira is 866 cytoplasmic in interphase (85% cytoplasm, 15% cortex, n=40) and 867 metaphase (89% cytopl., 11% crescent, n=15). 
